Abstract: Effects of interactions at the interface on the morphologies of immiscible polymer blends were investigated using linear low-density polyethylene/poly(4-vinylphenol) (LLDPE/PVPh) and LLDPE/poly(methyl methacrylate) (LLDPE/PMMA) blends containing polyethylene-block-PMMA (PE-b-PMMA). In the case of LLDPE/ PMMA/PE-b-PMMA blends, in which there is no specific interaction at the interface, shapes of dispersed droplets were maintained and sizes were simply diminished with increasing PE-b-PMMA content. On the other hand, in the case of LLDPE/ PVPh/PE-b-PMMA, in which hydrogen bonds are formed between PVPh and PMMA blocks at the interface, we found irregularly undulated phase boundaries.
Introduction
A convenient way to improve the compatibility of immiscible polymer blends is addition of compatibilizers such as block copolymers consisting of polymer chains that are chemically identical or miscible with the components and have sufficiently longer chain lengths than the components [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . When such type of block copolymer with suitable composition is added to an appropriate immiscible polymer blend, the block copolymer should assemble at the interface between the separated phases and behave as a surfactant [2, 15, 16] .
When one segment of the block copolymer strongly associates or reacts with one of the components, it is expected that the phase morphology of the blend will be drastically changed [17] [18] [19] . Especially, strong associations, such as hydrogen bonding, at interfaces of immiscible polymer blends should affect the morphologies of the blends because strong associations between the components drastically enhance the miscibility of polymers [21] . In a previous study [18] , we have found that hydrogen bonding at the interface of immiscible polymer blends causes a drastic reduction of the size of the dispersed phases. Therefore, it is expected that features around the interface of associating blends are much different from those of non-associating blends [19] . In the present study, we investigate characteristic features of immiscible blends that form hydrogen bonds at the interface.
Experimental part
In this study, we selected linear-low density polyethylene/poly(4-vinyl phenol) (LLDPE/PVPh) containing polyethylene-block-poly(methyl methacrylate) (PE-b-PMMA) as an immiscible blend associating at the interface, and LLDPE/PMMA containing PE-b-PMMA as a non-associating blend [18, 19] . LLDPE was supplied from Mitsui Chemical Co. Ltd. (LLDPE 220E). PMMA (M n = 8.7·10
3 and M n = 1. On the resulting samples, differential scanning calorimetry (DSC), Fourier transform infrared spectroscopy (FTIR), and transmission electron microscopy (TEM) were performed. DSC measurements were carried out using a Seiko I&E DSC10 at a heating rate of 10 °C/min under N 2 flow. Samples for FTIR were pulverized with KBr and moulded to tablets by compression. The blend samples for TEM observations were stained with RuO 4 . The stained samples were cut into pieces of c. 100 nm thickness with a Reichert ULTRACUT-N ultra microtome. TEM observations were performed using a JEOL JEM 100CX at an acceleration voltage of 100 kV. For EM5 and EM20, TEM photos used in our previous study are used [19] . Fig. 1 shows DSC thermograms of PE, PE-b-PMMA, EM20, and EV20. PE-b-PMMA shows a sharp melting peak because the PE chain of PE-b-PMMA consists of highdensity PE (HDPE). On the other hand, LLDPE shows pre-melting around 100°C and a melting peak at 118°C. The melting behaviour of LLDPE corresponds to the general features of conventional LLDPE. In the DSC thermograms of EM20 and EV20, only the features of LLDPE are observed and the melting peak attributed to the PE chain of PE-b-PMMA is disappeared, though the EM20 and EV20 mixtures contain 20 phr of PE-b-PMMA. On the other hand, PE-b-PMMA/PMMA and PE-b-PMMA/PVPh blends show HDPE-like melting behaviour [20] , although data are not shown here. Therefore, it is considered that PE chains of PE-b-PMMA are dissolved in the LLDPE-rich phase. In general, PE is immiscible with PMMA and PMMA is miscible with PVPh and PMMA. Hence, PE-b-PMMA should assemble at the interface between LLDPE-rich and PVPh-or PMMA-rich phases in the systems. Fig. 2 shows FTIR spectra of the carbonyl stretching region for PMMA, PE-b-PMMA, EM20, and EV20. In the FTIR spectra of PVPh and LLDPE, no peaks are observed in this range. EM20 shows a single absorbance peak attributed to the non-associating carbonyl groups of both PMMA and PE-b-PMMA at 1730 cm -1 . Therefore, the carbonyl groups in EM20 do not form associative interactions with other components. On the other hand, EV20 shows a broad absorbance with two peaks at 1730 and 1700 cm -1 . Since the absorbance peak at 1700 cm -1 is assigned to hydrogen bonded carbonyl groups [21] , many carbonyl groups of the PE-b-PMMA in EV20 form hydrogen bonds with hydroxy groups of PVPh. As mentioned above, EV20 is essentially immiscible and the PE chain of PE-b-PMMA is dissolved in the LLDPE phase. Hence, hydrogen bonds in EV20 should be formed at the interface between the LLDPE-rich and the PVPh-rich phases.
Results and discussion
Figs. 3 and 4 show TEM micrographs of series of EM and EV. In these photos, dark regions correspond to the LLDPE-rich phase and bright regions are the PMMA-rich or PVPh-rich phases. In Fig. 4 , two photos for each system are taken for the different droplets observed in Fig. 3 . These photos were taken for samples annealed at 180°C for 2 h. Since the morphologies of blends annealed for more than 1 h were scarcely changed with annealing time, the morphologies shown in Fig. 4 are regarded as quasi-thermal equilibrium morphologies. Furthermore, the morphologies of the pictures were not changed during TEM observations.
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Although PE-b-PMMA forms nano-domains in PMMA-rich or PVPh-rich phases in EM20 and EV20, most PE-b-PMMA should assemble at the interface, because the amount of PE-b-PMMA domains is much lower than that of PE-b-PMMA in preparation. In EM5 and EV5, the shapes of droplets are spherical. In addition, the interfaces between the LLDPE-rich phase and droplets in EM5 and EV5 are well ordered. EM20 also forms spherical droplets and well-ordered interfaces. On the other hand, the dispersed droplets are extremely diminished and the interfaces are irregularly undulated in EV20. It is considered that the irregular undulation of the interface is induced to expand the area of contact between the LLDPE-rich phase and dispersed droplets of the PVPh-rich phase. Thus, interfacial hydrogen bonding extremely reduces the interfacial tension between strongly segregated phases. In addition, shapes of the phase formed by the residual PE-b-PMMA in EV20 are significantly different from those in EM20. In EM20, residual PE-b-PMMA forms spherical micelles in the dispersed droplets. On the contrary, in EV20, belt-like domains are formed in the dispersed PVPh-rich phase by the residual PE-b-PMMA. This means that the interfacial tension between PE-b-PMMA and PVPh is much smaller than that between PE-b-PMMA and PMMA. Hence, as mentioned above, it is concluded that interfacial hydrogen bonds in immiscible polymer blends drastically reduce the interfacial tension between separated phases.
